The patch-clamp technique was used to study the effects of dassical conditioning and protein kinase C (PKC) activation on K+ channels of identified neurons in the snail Hernissenda crassicornis. Here (1) (2) (3) (4) (5) . It has also been shown that activation ofPKC via phorbol esters and 1-oleoyl-2-acetylglycerol (OAG) (6, 7) and PKC injections (7, 8) induce reduction of the same two currents in the B photoreceptor, mimicking the effect of classical conditioning. In addition, inhibition of PKC activation blocked the induction of changes in the macroscopic K+ currents of B photoreceptors of Hermissenda that are associated with conditioning (9), providing further evidence for a role ofPKC in this form of associative learning. Similarly, in the mammalian brain, conditioning (10) and PKC activation (11) induced the reduction of both duration and amplitude of the afterhyperpolarization in CA1 rabbit hippocampal cells.
Several lines of evidence have implicated K+ channels [and their regulation by protein kinase C (PKC)] as major participants in associative learning in both invertebrates and vertebrates. Two-electrode voltage-clamp studies have demonstrated that Pavlovian conditioning (i.e., pairings of light and vestibular stimuli) induces reduction of two distinct K+ conductances across the soma membrane of the type B photoreceptor of the snail Hermissenda crassicornis (1) (2) (3) (4) (5) . It has also been shown that activation ofPKC via phorbol esters and 1-oleoyl-2-acetylglycerol (OAG) (6, 7) and PKC injections (7, 8) induce reduction of the same two currents in the B photoreceptor, mimicking the effect of classical conditioning. In addition, inhibition of PKC activation blocked the induction of changes in the macroscopic K+ currents of B photoreceptors of Hermissenda that are associated with conditioning (9) , providing further evidence for a role ofPKC in this form of associative learning. Similarly, in the mammalian brain, conditioning (10) and PKC activation (11) induced the reduction of both duration and amplitude of the afterhyperpolarization in CA1 rabbit hippocampal cells.
More recently, S~nchez-Andrds and Alkon (12) have directly observed and measured the reduction of the IAHP (the Ca2+-dependent K+ current subserving the afterhyperpolarization) in CAl cells from conditioned rabbits.
We have recently developed an isolated eye preparation from Hermissenda that enables us to record single channels from B photoreceptors. Using the patch-clamp technique, we have characterized two different types of K+ channels present in the plasma membrane of the B photoreceptor (13) . Here (14) .
Isolation of Hermissenda Eyes. Individual eyes were obtained following, with slight modifications, the same microdissection and isolation procedures previously described (13 made from Blue-Tip microhematocrit capillary tubes (i.d., 1.1-1.2 mm) using a BB-CH microelectrode puller (Mecanex, Geneva), and then coated with Sylgard (Dow-Corning) and filled with the following solution: 350 mM KCl/10 mM gradient is virtually eliminated in a cell-attached patch, and the expected reversal potential for a K+-selective channel corresponds to -0-mV membrane potential or a pipette potential equivalent to the cell resting potential (-55 to -60 mV). Therefore, at 0-mV pipette potential, the driving force across the cell-attached patch is determined by the cell resting potential and the unitary K+ currents are inward. We have previously shown that the channels reported here have reversal potentials compatible with K+-selective channels (13) . Single-channel ion currents were measured with an Naive C.rRf f 15 .4% (n = 2)* 84.6% (n = 11) Low frequency of detection of the 64-pS channel in conditioned animals compared to naive and unpaired animals [X2(2) = 9.88; P < 0.011 is shown. The 42-pS channel was detected with about the same frequency in conditioned, unpaired, and naive animals.
Axopatch-iC amplifier (dc to 10 kHz) and stored on a Toshiba PCM-video tape recorder (dc to 22 kHz) for later analysis. The data were first low-pass Bessel filtered at a cut-off frequency of 2 kHz, then digitized at a 10-kHz sampling rate with an Axolab interface, and stored on a microcomputer using the PCLAMP version 5.51 program suite. Amplifier, interface, and software were obtained from Axon Instruments (Foster City, CA). Single-channel data were analyzed with the commercially available programs FETCHAN and PSTAT (PCLAMP 5.51). Pipette potential was 0 mV for all different experimental conditions. To eliminate vesiculation of the inside-out patches, brief air exposure was always performed (15) before data were acquired. The channels were identified as the 42-pS K+ channel or the 64-pS K+ channel by the following criteria: (i) at 0-mV pipette potential the two channels can be clearly distinguished by their unitary 0.2 pA for the 42-pS channel (mean I + SD; n 2 5 cells), (ii) the 64-pS channel exhibits a continuous bursting pattern while the 42-pS channel alternates openings with long closures, (iii) their I/V curves are well separated and only converge near the reversal potential-li.e., pipette potential between -52 mV and -62 mV.
Statistical Analysis. Single-or multifactor ANOVA was conducted for each experiment as determined by the individual experimental protocol. Follow-up tests based on the error term ofthe overall ANOVA (i.e., planned comparisons) tion between the records from a conditioned animal and those from the two controls (naive and unpaired), while no differences appeared between naive and unpaired animals. Measurements of percentage of open time showed significantly lower values in conditioned animals (19.1 3.82; n = 2) compared to naive animals (35.7 + 2.9; n = 7); F(1,11) = 9.53; P < 0.02 planned comparisons (16) (Fig. 3A) . We 3B ). After conditioning, the interburst interval was increased from approximately 0.6 to 1.1 ms (Figs. 2 and 3B) (27) . More specifically, it has been shown that the amplitude of the IA (a fast transient outward K+ current) from the Shaker H4 clone expressed in oocytes was reduced by 50%6 20 min after PMA application (28) .
In summary, we have shown that in H. crassicornis the effects of behavioral manipulations such as classical conditioning can be reflected as modifications of the functional expression of single molecules such as ion channels and, in this particular system, a 64-pS K+ channel. Additional evidence concerning the role of PKC activation in this process was also provided. A deeper understanding of the sequence of molecular events by which conditioning triggers PKCmediated inhibition of this channel still needs to be elucidated.
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